Using a comprehensive data set collected through field survey of 950 farmers across Pakistan, the current study evaluates water-management practices and their impact on food security and poverty. The results show that rural households mainly adopted four water-management practices (bund making, deep plowing, the adoption of stresstolerant varieties, and irrigation supplements) and that the wealth, education, and gender of the farmer (male) positively influences the adoption of improved water-management practices. The propensity score matching approach shows that the adoption of improved water-management practices improves wheat and rice yields, household income and food security levels, and reduces poverty levels. The food security levels of households adopting improved water-management practices are higher: in the range of 3-12%. Higher wheat yields are in the range of 26.8-70.4 kg/acre and higher rice yields are in the range of 48.4-85.2 kg/acre. Higher household income levels are in the range of rupees 2,573-4,926 and the lower poverty levels are in the range of 2-7%. Hence, agricultural policy should promote improved water-management practices among rural households.
Introduction
Depleting water resources, increasing water demand in agriculture, and climate change are major challenges to food security and poverty reduction globally and specifically in South Asia (Hijioka et al., 2014) . With the increase in population, the demand for water is ever increasing. The global demand for agricultural water is expected to increase by 19% by 2050 (UN-Water, 2013) . In addition to the increasing demand for water, wastage of water in agriculture due to inefficient water-management practices is a major problem. In the rice-wheat system of the Indo-Gangetic Plains, about 10-25% of irrigation water is lost due to poor water management and uneven fields (Kahlown et al., 2000) . The food security challenges arising from water scarcity and wastage can be tackled by bringing about efficient changes in water management (Mueller et al., 2012) . Water shortage in agriculture lowers yield and income, and makes the household more food insecure and vulnerable to poverty (Rahut et al., 2016) . Hence, sound water-management practices are crucial for sustainable development, food security, and poverty reduction across the globe.
Water availability for agricultural production is essential for ensuring food security (Brown & Funk, 2008) . Severe water scarcity and poor on-farm water-management practices in Northern Ethiopia, are found to be responsible for the decline in crop yields and soil salinization in the study area . The use of water-resource conservation and energy-efficient technology in agriculture is needed for increasing agricultural productivity (Ambast et al., 2006; Hanjra & Qureshi, 2010) . Rockström et al. (2010) argued that major water investments in agriculture are required in those regions where yield gaps are large, not due to lack of water, but rather due to inefficient management of water, soils, and crops. Therefore, the proper water management in agriculture and investment in water conservation technologies in agriculture are extremely valuable. The adoption of improved water-management practices will influence soil quality and crop yield through improvement in soil moisture. Water-management techniques have a substantial impact on soil moisture and thermal conditions, and ultimately on the growth rate and development of maize (Yi et al., 2010) . In West Africa, bund-feeding has significantly increased rice yield across sites by about 40%, and 25% less weed biomass was observed in bunded farms compared to open plots (Becker & Johnson, 2001) .
Against the backdrop of water scarcity and competing demands for water, efficiency in water management is inevitable in agriculture for ensuring food security to the growing population. Studies have found that the use of recycled water and water-saving technologies such as drip irrigation have a positive effect on water use efficiency (Gadanakis et al., 2015) . To take advantage of advances in agricultural technology, a combination of drought-tolerant varieties, redeemable water irrigation methods, and proper agronomic practices for soil manipulation is needed to improve the economic gains of water productivity (Ali & Talukder, 2008) . Data of five consecutive agricultural years reveal that sub-soiling with mulch resulted in the highest precipitation-use efficiency, precipitation storage efficiency, and crop yield, whereas the no-till with mulch performed slightly less than sub-soiling with mulch. However, conventional tillage control produced intermediate yields ( Jin et al., 2007) .
Pakistan is among the world's 36 most water-stressed countries (Iqbal, 2015) and the situation is worsening due to the increasing population and the rising demand for water from the farm and non-farm sectors. Pakistan has the world's most extensive irrigation system (Iqbal, 2015) ; however, proper management of irrigation water is a serious issue. In Pakistan, canal water irrigation is underpriced and highly subsidized, recovering only one-fourth of its annual operating and maintenance costs. The per capita annual water availability in Pakistan has dropped, fundamentally due to population growth and increased water use by the non-farm sector, from 5,600 cubic meters in 1947 to the current level of 1,017 cubic meters (IMF, 2015) . Alarmingly, it is projected to decline further under the changing climate scenarios and the current infrastructure and institutional conditions (Iqbal, 2015) .
In Pakistan, the demand for water in the agricultural sector is increasing. The demand is projected to reach 274 million acres-feet (MAF) by 2025, but the supply is stagnant and even decreasing at 191 MAF and the demand-supply gap is approximately 83 MAF (IMF, 2015) . The concerns over the widening gap of supply and demand are compounded by certain characteristics of Pakistan's geography, climate, and hydrological cycle. Pakistan mostly depends on a single source, the Indus system and its tributaries, for most of its water supply for crop irrigation. Compared to other countries, the water storage capacity is low in Pakistan. For example, Pakistan can only save water for 30 days due to its high demand, compared to 1,000 days in Egypt and 220 days in India. Nonetheless, due to Pakistan's arid and semi-arid climatic conditions, about 90% of the area in Pakistan is irrigated through canal irrigation which is approximately 56,073 kilometers and supplemented through groundwater (Iqbal, 2015) . A recent study in Sri Lanka has shown that irrigation water access has a positive effect on income through livelihood choices (Senaratna Sellamuttu et al., 2014) . Similarly, in a study, Ahmad (1993) found that improved water-management practices contribute to the increase in net return at the farm household level. In South Asia, the rainfall variability has serious implications on rural livelihoods (Palanisami et al., 2015) .
The Global Hunger Index at the global level has declined from 35.2 in 1992 to 21.8 in 2017 and the hunger index in South Asia has declined dramatically from 46.3 in 1992 to 30.9 in 2017, which is considered as serious (Von Grebmer et al., 2017) . Although the hunger index in Pakistan has declined from 42.7% to 32.6%, it occupies 106th position, which is one above Afghanistan (see Table 1 ). Therefore, ensuring food security should be a priority for Pakistan and worthy of investigation.
The poverty headcount ratio was 64.3% in 2001, which declined to 50.4% in 2005 , and 29.5% in 2013 (World Bank, 2018 . Hence, developmental policies in Pakistan should focus on poverty reduction, and increasing agricultural productivity could play an important role as a significant number of the poor live in rural areas and are dependent on agriculture for their livelihood. In 2014-16, the prevalence of undernourishment in the total population of Pakistan was 19.9% and the absolute number of the undernourished population stands at 37.6 million (FAO IFAD UNICEF WFP & WHO, 2017), which is alarming and calls for a policy to strengthen food and nutritional security in Pakistan. The wasting in children (under 5 years of age) and stunting in children (under 5 years of age) was 10. 5% and 45% in 2016 (FAO IFAD UNICEF WFP & WHO, 2017) . Therefore, it is particularly important to investigate policy and practices that enhance yield and food security and reduce poverty. Water is of critical importance for food security, but is becoming scarce over time due to competing demands, declining groundwater levels, variability in rainfall, drought, and climate change.
The existing literature has mostly shown the positive impact of improved water management on water saving and farm productivity ( Jonish, 1991; Rickman, 2002; Sakurai, 2002; Bekele & Drake, 2003; Ren et al., 2003; Bekele, 2005; Sidibé, 2005; Hagos & Holden, 2006; Mallappa & Radder, 2012) . However, in Pakistan, the research on improved agricultural water-management practices and their impact on the well-being of rural farm household welfare is scanty (Erenstein, 2009) . Hence, the current study focuses on improved agricultural water management and provides several novel contributions. First, it is among the few studies that focus on agricultural water management in Pakistan. Second, it covers the four major provinces of Pakistan (Punjab, Sindh, Khyber Pakhtunkhwa (KPK), Balochistan). Third, it employs a propensity score matching (PSM) approach that has rarely been used to evaluate the impact of water-management practices. Fourth, it uses a multivariate probit and Poisson regression to assess the factors determining the adoption of improved water-management technology. Finally, the current study findings provide an important policy recommendation. The rest of the paper is organized as follows: econometric methods are described in the next section, followed by the presentation of materials and the general description of data. The following section presents empirical results, and finally conclusions and policy recommendations are given.
Methodology
This paper employs a multivariate probit model to estimate the determinants of the factors influencing the choice of improved agricultural water-management practices and a Poisson regression model to assess the determinants of the number of water-management practices adopted by a farm household. The impact of these approaches is estimated by employing the PSM approach.
Multivariate probit and poisson regression model
Multivariate probit. In our analysis, we categorized the commonly used improved agricultural water-management practices by farm households into four mutually inclusive categories: (i) bund making; (ii) deep plowing; (iii) supplementing irrigation water; and (iv) use of stress and drought-tolerant varieties. As the four discrete dependent variables are mutually inclusive, which means one farm household could adopt more than one type of agricultural water-management practice, the multivariate probit model is best suited for the estimation of the determinants of adopting improved agricultural water-management practices.
Poisson regression. As a farm household may adopt more than one improved agricultural water-management practice, we used the Poisson regression to analyze the determinants of the number of improved agricultural water-management practices adopted by rural farm households. The dependent variable is the number of improved agricultural water-management practices which ranges from 0 to 4 and the explanatory variables are demographic and farm-level characteristics.
Propensity score matching
PSM creates the condition of a randomized experiment, and, the estimated treatment effect for the treated groups is of principal significance when using PSM. This effect may be given as:
where τ is the average treatment effect for the treated (ATT), R 1 represents the value of the outcome for adopters of improved water-management techniques, and R 0 is the value of the same variable for non-adopters. The main problem is that we do not observe
can be estimated, it may, potentially, be a biased estimation. According to Rosenbaum & Rubin (1983) , PSM can be defined as the conditional probability that a farmer adopts the improved water-management practices, given pre-adoption characteristics. To make it a randomized experiment, PSM uses the conditional independence assumption (CIA), which implies that once observable characteristics like Z are controlled for, the adoption of water-management practices are random and uncorrelated with the outcome variables 1 . In this case, the PSM can be expressed as:
where I ¼ {0,1} is the indicator for adoption and Z is the vector of pre-adoption features. The conditional distribution of Z, given p(Z), is alike in both groups of adopters and non-adopters.
The main advantage of the PSM is that it does not need any functional form assumption, unlike the parametric methods. However, the main drawback of the approach is the strong assumption of unconfoundedness. Smith & Todd (2005) point out that there might be systematic variances among outcomes of farmers who embraced improved water-management practices and those who did not adopt improved water-management practices. However, Jalan & Ravallion (2003) pointed out that the assumption is no more restrictive than those of an instrumental variable approach employed in cross-sectional data analysis. Michalopoulos et al. (2004) compared different non-experimental methods in the absence of random assignment and found that PSM provides the most robust estimates. With PSM, the average treatment affect for the treated (ATT) is of most significance.
Average treatment effects. The average treatment effect for the treated (ATT) is appraised after estimating the propensity scores:
Many methods are available to match adopters with non-adopters of similar propensity scores like nearest-neighbor matching (NNM), kernel matching, caliper/radius matching, stratification matching, and mahalanobis metric matching. In practice, the choice of matching method often appears to make little difference (Smith & Todd, 2005) . In analysis with a small sample size, the choice of matching approach can be vital (Heckman et al., 1997) . It is advantageous to use more than one matching approach because the performance of alternative matching approaches varies case-by-case and depends mainly on the data structure at hand (Zhao, 2003) . In the current paper, NNM and kernel-based matching (KBM) are employed. After matching, the quality of matching is tested by employing a number of econometric tests like median absolute bias before and after matching, the value of R 2 pre-and postmatching, and the joint significance of covariates before and after matching.
Data and description of variables
The current data were collected from the four major provinces of Pakistan, i.e., Punjab, Sindh, KPK, and Balochistan. A detailed questionnaire was developed and the questionnaire was pilot tested prior to the implementation of the survey. In total, data were collected from 950 farmers across Pakistan; about 350 farmers were interviewed from the Punjab province, 250 each from Sindh and KPK provinces, and about 100 farmers were interviewed from Balochistan. The survey for the collection of the data was managed by a team of well-trained enumerators in 2014. The questionnaire included information on a number of household and farm-level characteristics and particularly water-management practices adopted by the farmers (see Questionnaire in Appendix A, available with the online version of this paper).
The description of variables used in the study is presented in Table 2 . The results show that a large number of farm households adopt improved agricultural water-management practices: about 62% of farmers adopted the bund-making technology to save irrigation water and 51% of the farmers have adopted the deep plowing technology. About 48% of the farmers have supplemented tube well water with canal water, but only 15% of the farmers have adopted stress-tolerant varieties to cope with water scarcity.
Approximately 43.5 years was the mean age of the farmers and about 93% of the farmers were male and only 7% were female. Against the belief that rural Pakistani households are predominantly joint family systems, the results show that only 56% of the surveyed households lived in the joint family system and about 44% lived in nuclear families. The average years of schooling of farmers stood at 7.91 years and the average years of experience of the farmer was 21.5 years.
The average land holding per household was about 22 acres and 81% of the farmers were landowners. Most of the agricultural area, i.e., 91%, was irrigated and 9% was rain-fed. Only about 63% of the farmers reported that the soil was of good quality; 37% had poor quality soil.
Access to facilities and infrastructure is crucial for technology adoption; hence, we carefully evaluated the access to facilities and infrastructure. The result shows that the vast majority of the villages (94%) have access to electricity and only 62% of the farm households have access to an agricultural extension, which is critical for scaling technology and improving farm productivity. Only 23% of the villages have implement repair shops and merely 10% of the households have membership in a non-governmental organization (NGO).
Household assets indicate family wealth and the household's purchasing power, and play a vital role in technology adoption. Analysis of the information on the farm-level assets shows that about 32% of the households own tractors, 35% of the households own tube wells, 21% of the households own moldbold (MB) ploughs, only 2% of the households own seed drills, 4% of the households own reapers, and about 74% of the households have access to canal water.
The data on the durable household assets show that about 20% of the households own cars, 70% of the households own refrigerators, 14% of the households own air conditioners (AC), 27% of the households own room coolers, 93% of the households own irons, and 79% of the households own televisions. Figure 1 presents the different irrigation sources adopted by the households: canals constitute 62% of the sources of irrigation, tube wells constitute 28%, 4% comes from wells, and 6% from other sources. 
Empirical analysis
Determinants of the water-saving management practices: multivariate probit analysis
The surveyed farm households commonly practice four different water-saving practices: bund making, deep plowing, supplementing irrigation, and stress-tolerant varieties. Since most of the farm households adopt these improved agricultural water-management practices jointly, the multivariate probit model is estimated and the results are presented in Table 3 . The cross-equation correlations for bund making, deep plowing, irrigation water supplement, and adoption of stress-tolerant varieties are positive and highly significant, indicating that these equations need to be estimated jointly.
The age of the farmer is negative and significant for all four improved water-management practices, indicating that older farmers are less likely to adopt the improved techniques. This may be due to the fact that older households are inclined to continue with the traditional technology. The coefficient of the gender of the farmer dummy (1 for male and 0 for female), is positive and highly significant for all four practices, indicating that male farmers are more likely to adopt these water-management practices compared to female farmers. Female farmers seem to be disadvantaged when it comes to technology adoption because of the lack of a network and the necessary skills and resources to implement and manage improved practices. Although the coefficient of the joint family dummy is positive, it is non-significant.
The coefficient years of schooling of the farmer is positive and highly significant for all four improved practices, signifying that educated farmers have a greater likelihood of adopting these water-management practices compared to uneducated farmers. Educated farmers are aware of the practices and their impact on yield and knowledge.
As land is the most important asset of farm households, the results show that the amount of land owned is positive and highly significant, indicating that farm households with more land holdings have a higher probability of adopting improved practices. The coefficient of the landowner dummy (1 for owner and 0 for tenant) is positive and significant, demonstrating that the owners are more likely to adopt these practices compared to tenants. The dummy for the good soil quality was positive and significant for bund making, supplementing irrigation, and stress-tolerant varieties, while it was positive and non-significant for deep plowing. The coefficient of irrigated land dummy variable (1 for irrigated areas and 0 for rain-fed) was negative and significant for bund making and deep plow, indicating that farmers in rain-fed areas do not practice bund making and deep plow methods of water management. The results for the irrigation supplement and stress-tolerant varieties are positive and significant, indicating that farmers in irrigated areas mostly adopt irrigation supplement and stresstolerant varieties as water-management practices.
The ownership of the farm and durable household assets indicate the wealth status of the households, which is an important driver for adoption of farm technology. The coefficient of the tractor, tube well, and canal ownership are positive and significant at the 1% level, indicating the importance of wealth on the adoption of all four water-management technologies. The coefficient of the MB ownership dummy 
The results are significant at ***,**,* the 1%, 5%, and 10% levels, respectively. t-value in parentheses.
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was negative and significant. The coefficient of the ownership of the durable household assets such as a car, refrigerator, room cooler, and television are positive and significant, indicating the crucial role of wealth in adopting water-management technologies at the farm level. We also summarized the variables for the treatment (adopter) and control group (non-adopter) and the results are summarized in Appendix B (available with the online version of this paper), which confirms the findings of the multivariate probit.
Determinants of the number of water-management practices adopted by the farmer: Poisson regression
The Poisson regression is employed to assess the determinants of the number of water-management practices adopted by the farm household and the results are presented in Table 4 . The dependent variable is the number of water-management practices adopted by the farmers and, based on the literature review, several independent variables are included in the model.
The coefficient of the age of the farmer is negative and significant, indicating that young farmers are more likely to adopt more water-management practices as younger farmers ought to have the awareness and skills needed for implementing and managing the improved technology. The coefficient of the gender of farmer (male dummy) is positive but non-significant. The coefficient of the joint family system dummy is positive and significant, indicating those farmers living in joint family systems adopt more improved water-management practices, as a larger labor force is available for implementation and management of these practices. The years of schooling of the farmer is positive and significant, demonstrating that educated farmers are more likely to adopt more water-management practices.
The result for the landholding coefficient is positive and significant, indicating that farmers with large land assets have a higher probability of adopting more water-management practices. The irrigated land dummy, i.e., 1 for the irrigated areas and 0 for the rain-fed, is negative and significant, indicating that farmers with rain-fed areas have adopted fewer improved water-management practices compared to farmers with irrigated land. The dummy land ownership is positive and significant, indicating that farmers who own land have adopted more water-management practices.
The access to electricity, implement repair, and OFWM are not significant. The coefficient of NGOs dummy is positive and significant, highlighting the importance of awareness through NGOs in the adoption of improved water-management practices.
The ownership of farm assets dummy such as a tractor, tube well, and canal is positive and significant at the 1% level of significance, indicating the role of wealth in the adoption of improved water-management practices. The coefficient of the household durable asset ownership such as television, refrigerator, and car is positive and highly significant at the 1% level of significance, signifying the importance of wealth on the number of water-saving practices adopted by farmers. The x 2 is highly significant at the 1% level of significance, indicating the robustness of the variables included in the model.
Impact of irrigation water-management practices: propensity score matching approach analysis
The impact was estimated by employing the PSM approach 2 . The results are presented in Table 5 . This PSM approach was employed to correct for the potential sample selection biasedness that might arise due to systematic differences between the adopters of irrigation water-management practices and the non-adopters of these practices. PSM creates the condition of a randomized experiment. Two different matching algorithms, i.e., NNM 3 and KBM 4 were employed to correct for the potential sample selection biasedness 5 . According to Sianesi (2004) , it is always better to employ more than 
The results are significant at ***, **, * the 1%, 5%, and 10% levels, respectively.
3 Nearest-neighbor matches with the closest similar nearest neighbor only. 4 Kernel-based matching takes the weighted average of all the non-participants and then matches with a similar participant. 5 In the case of propensity score matching the most important parameter of interest is the ATT (average treatment affect for the treated), i.e., the difference in the outcome of the similar adopters and non-adopters of the water-saving technology. one matching 6 algorithm; for this reason, in the current analysis, NNM and KBM matching algorithms were employed. For each irrigation water-management practice, i.e., bund making, deep plowing, *, **, *** indicates that the results are significant at 1, 5 and 10 percent levels, respectively.
6 By employing more than one matching algorithm the results across different groups can be compared.
supplementing irrigation, and adoption of stress-tolerant varieties, the impact was separately estimated. The impact was estimated on wheat and rice yields, household income, food security, and poverty levels. A dummy variable was used to measure the impact on food security: if a household is food secure, it is 1 and 0 if the household is food insecure 7 . The impact of water-management practices on wheat and rice crop yields was estimated in kilograms 8 and the impact on the household income was estimated in terms of Pakistani rupees and the poverty level in terms of the headcount index.
Impact of the bund-making practice. Bund making is a traditional practice and farmers have been using it for centuries 9 . The impact of bund making was estimated on food security, rice and wheat yields, household income, and poverty levels. The results of the average treatment affect for the treated (ATT) for food security was positive and significant both for NNM and KBM, indicating that the households who adopted the bund-making technology have higher food security levels compared to similar households who have not adopted the bund-making technology 10 . The ATT results for the rice and wheat yields are positive and significant, indicating that farm households who adopted the bundmaking technology have higher wheat yields (in the range of 51-58 kg per acre) and higher rice yields (in the range of 57-65 kg per acre). The ATT results for household income indicated that household income levels are higher (in the range of rupees 3,346-4,237) for those households that have adopted the bund-making technology compared to households that have not adopted it 11 . The ATT results for poverty are negative and significant, indicating that household poverty levels are less (in the range of 4-6%) for the households that have adopted the bund-making technology.
Impact of deep plowing. Deep plowing is a common agricultural water-management practice especially in the rain-fed areas; this helps to conserve soil moisture. The farmers in the rain-fed areas commonly practice deep-plowing technology to conserve moisture. The impact of deep plowing was estimated on food security, rice and wheat yields, household income, and poverty levels. The ATT results for food security are positive and non-significant. The ATT results for the wheat and rice yields are positive and significant, indicating that households practicing deep plowing have higher rice and wheat yields compared to households which do not practice deep plowing. The ATT results for household income are positive although non-significant for NNM and KBM. The ATT results for poverty are negative although non-significant 12 . The empirical results indicate that deep plowing has quite promising results, but it can be more effective if managed on time (before the start of crop season) especially in the rain-fed areas.
Impact of irrigation supplement. The majority of farmers supplement irrigation water from more than one source. The most popular sources are wells, tube wells, and canals 13 . In Pakistan, about 80% of the 7 If the household was food secure then it was treated as 1 and if the household was food insecure then it was treated as 0. 8 One maund is equal to 40 kg. 9 Although bund making is a centuries-old technology it is still very effective. 10 Indicating that, although bund making is a simple technology, it has a huge impact on ensuring rural household food security levels. 11 One US$ is equal to 107 Pakistani rupees, hence 3,000-4,000 rupees indicates 30-40 $US. 12 The deep plowing is an effective practice to conserve moisture especially when drought conditions prevail. 13 There also exists other sources of irrigation like wells, streams, Karazs, etc. area is irrigated through canal irrigation systems 14 , but over the years the availability of canal water has declined considerably, forcing farmers to supplement with other sources; this is used as a water-management practice throughout Pakistan. The recent energy crisis has multiplied farmers' problems. The ATT results for the irrigation supplement are positive and significant for household food security levels and the food security levels are higher (in the range of 5-6%) in the case of NNM and KBM. The ATT results for the wheat and rice yields are positive and significant, indicating that households have higher yield levels (in the range of 49-51 kg per acre for wheat and 85-102 kg per acre for rice) compared to households not supplementing their crops with irrigation water. The ATT results for household income indicate that household income levels are higher: in the range of Pakistani rupees 3,752-4,528 per acre. The ATT results for poverty levels indicate that poverty levels are lower: in the range of 4-7% for those households with supplementary irrigation sources.
Impact of stress-tolerant varieties. The adoption of the less-water-demanding varieties is another option for managing irrigation water. The impact of stress-tolerant varieties was mostly estimated on household food security, crop yields, household income, and poverty levels. The ATT results indicated that household food security levels are higher (in the range of 12-13%) compared to households that have not adopted stress-tolerant varieties. The wheat yields are higher, in the range of 50-70 kg per acre and rice yields are higher, in the range of 127-142 kg per acre. The ATT results for household income indicated that income is higher in the range of Pakistani rupees 3,852-4,926. The household poverty levels are lower in the range of 5-6% for the households having adopted stress-tolerant varieties.
The critical levels of hidden bias are reported in Table 6 . The critical level of hidden bias indicates the level up to which the adopters and non-adopters differ in their odds of adoption due to unobservable factors 15 . The PSM results are in line with the previous studies (e.g., Ali & Sharif, 2011) . The number of treated and the number of controls are reported in Table 6 .
It is essential to check the matching quality after carrying out the PSM. The median absolute bias before matching is high and is relatively low after matching. The percent drop in the bias is in the range of 70-80% which indicates that, after matching, the adopters of water-management practices and non-adopters are quite similar to each other. The value of R 2 before matching is quite high and is quite low after matching. The value of R 2 before and after matching indicates that after matching both the adopters and non-adopters are quite similar to each other. The p-value of joint significance of covariates should always be accepted before matching and should always be rejected after matching, indicating that after matching both the groups are quite similar to each other. The indicators of covariates balancing are also presented in Figure 2 .
Conclusion
The present paper uses the rich primary data set collected in 2014 from four provinces of Pakistan, i.e., Sindh, Punjab, KPK, and Balochistan. The analysis shows that farmers commonly use four main types of improved agricultural water-management practices, namely bund making, deep plowing, supplementary irrigation from different sources, and the adoption of stress-tolerant varieties. The empirical analysis shows that education, land assets, farm assets, and durable household assets positively influence the adoption of these water-management practices. The PSM estimates indicated the positive impact of the adoption of improved water-management practices on wheat and rice yields, food security, income levels, and lower poverty levels compared to the farm households who have not adopted these water-management practices. Among the different water-management practices, bund making, supplementary irrigation water, and the adoption of stresstolerant varieties have a higher positive impact compared to the practice of deep plowing; however, deep plowing is especially helpful in the rain-fed areas compared to the irrigated areas.
Empirical findings of the paper indicate that the agricultural water-management policy should invest substantially in providing useful knowledge to the farmers on better management of scarce irrigation water for higher benefits. Importantly, the general education of the farmers in developing countries must be ensured; however, for most of the farmers, going back to school is not a feasible option. Hence, knowledge on improving irrigation management can be provided by organizing farmers' field days, demonstrations and strengthening agricultural extension services by the national government. Last, but not least, the practice of improved irrigation management can generate positive externality to the society by conserving increasingly depleting irrigation water across the globe. Thus, legislators and policymakers should prioritize training on irrigation water management in developing countries, not only to ensure the improved livelihood of farmers, but also to ensure water availability for the next generation.
